Syst emic lupus erythematosus (Sle) is a multifactorial chronic systemic inflammatory disease, of unknown origin, characterized by the presence of autoantibodies and polymorphic clinical manifestations. this disease may involve multiple organs and systems. the most common findings are articular, cutaneous, vascular, renal, neurological, cardiac, gastrointestinal, hematological, ocular, and auditory abnormalities. Aim: to investigate the central auditory function of subjects diagnosed with Systemic lupus erythematosus (Sle). Material and Method: a time-series study was made of sixty subjects, aged between 21 and 46 years, which were divided into a control (n=30) and an experimental group (n=30). a clinical history, audiological evaluation (pure tone audiometry, speech audiometry and immitance testing) and short (aBr), middle (Mlr) and long latency (llaeP) potentials were carried out in all subjects. results: no statistically significant differences were observed between the groups in any of the evaluations. Conclusions: in this study there were no differences in short, middle and long latency audi
INTRODUCTION
Systemic lupus erythematosus (Sle) is a multifaceted chronic systemic inflammatory disease of unknown origin that affects predominantly young women, and which progresses with periods of illness alternating with remission. it may be characterized immunologically by the presence of autoantibodies; its clinical manifestations are varied. this disease may affect multiple body organs and systems, the most common being joints, the skin, the vascular system, kidneys, the neurological system, the heart, the gastrointestinal system, the hematological system, the eyes and the auditory system. 1 Primary central nervous system (CnS) involvement is common in Sle patients; thus, any area of the brain, the spine or the nervous system may be affected. Some of the symptoms are cognitive alterations, seizures, psychosis and headaches. 2 to be more precise, in some cases short and long term memory processing and verbal and visual-spatial information processing are affected. attention may also be significantly compromised, especially in Sle that present with neuropsychiatric manifestations. 3 Sle patients frequently report peripheral auditory alterations (sensorineural hearing loss). [4] [5] [6] however, there have been few reports in the literature about central auditory alterations in Sle patients.
normal hearing requires whole auditory system structures operating adequately from the external ear to the auditory cortex.
anatomical and physiological wholeness of the peripheral and central auditory system is essential for language and speech acquisition and development. thus, an association of objective and subjective behavioral methods for auditory evaluation has become increasingly frequent in audiology to support and add precision for the diagnosis of central and/or cognitive auditory disorders.
Pure tone audiometry is the most frequently used test in audiological diagnosis. this test, however, investigates only peripheral hearing by obtaining air and bone auditory thresholds. electrophysiological tests, also named auditory evoked potentials (aePs), have been used for assessing central audition. these tests evaluate the neuroelectrical activity of the auditory pathway from the auditory nerve to the cerebral cortex in response to an acoustic stimulus or event. these potentials, which are generated by sequential and synchronous activation of nervous fibers along the auditory pathway, 8 may be picked up by surface electrodes placed on various sites of the head. 7 aePs reveal the integrity and functional ability of the central auditory nervous system and may confirm the injury site. 9 aePs may be classified according to their latency (time between the presentation of the stimulus and the response) as short, middle, and long-latency potentials.
Short-latency brainstem auditory evoked responses, also known as brainstem auditory evoked potentials (BaeP), are used more frequently in the clinical setting due to their reproducibility and locating properties. they occur from zero to 10 milliseconds (ms) following the presentation of an acoustic stimulus. 10 these potentials assess the integrity of auditory pathways in the brainstem, and may be used to infer data about peripheral auditory sensitivity. a set of seven waves generated by one or more structures along the auditory pathway may be seen in response to acoustic stimulation.
Möller et al. 11 described the following BaeP wave generating sites: Wave i -distal portion to the brainstem of the auditory nerve; Wave ii -proximal portion to the brainstem of the auditory nerve; Wave iii -cochlear nucleus; Wave iV -superior olivary complex; Wave V -lateral lemniscus; Wave Vi -inferior colliculus; Wave Vii -medial geniculate body.
the following parameters are used for analyzing the responses: absolute latencies of waves i, iii, V and interpeak latencies i-iii, iii-V and i-V relative to the stimulus intensity; also used are the response amplitude, morphology and reproducibility. 12 Mid-latency auditory evoked potentials (MlaeP) have no specific generating site; they reflect global cortical and subcortical activation. estimates suggest that their most important response generators are located in the thalamus and the primary auditory cortex. 13 MlaeP occur between 10 and 100ms following an acoustic stimulus, arising soon after brainstem potentials. 14 the P300 or P3 are the most commonly used longlatency auditory evoked potentials (llaeP) in clinical practice; they are used for investigating cognition and attention. these potentials are obtained by focusing attention on a rare stimulus. it occurs about 300ms after stimulus presentation and is generated by frequent stimuli among which a different (rare) stimulus occasionally occurs. the different stimulus appears 15 to 20% of times, and subjects are asked to normally identify the rare stimulus, mentally counting how many times it occurs. the auditory systems becomes used to hearing a frequent stimulus as fewer neurons respond to it. rare stimuli, on the other hand, are heard few times; the system, therefore, responds to these with more neurons. the curve these neurons generate is larger than that generated by the frequent stimulus. Subtracting both stimuli yields the P300. 15 it is a consensus in the literature that the P300 has multiple generators. the main generators, according to Mc Pherson, 16 are the frontal cortex, the centroparietal cortex and the hippocampus. the purpose of this study was to investigate central auditory function in Sle individuals.
MATERIAL AND METHOD
the research ethics Committee of the institution in which the study was conducted approved its design (protocol nº. 0221/05).
this was a case control study. the sample consisted of 60 female individuals, of which 30 became the study group and 30 became the control group. Both groups were age-paired. the age ranged from 21 to 46 years. inclusion criteria for the study group were the following: Sle subjects according to the definition of the american rheumatology association (1982); 17 age between 13 and 46 years to avoid the effect of CnS aging on the evaluation; no clinical history of risk factors for hearing loss as described by the Joint Committee on infant hearing;18 no external or middle ear involvement of any sort; no past use of hearing aids.
inclusion criteria for the control group were the following: good health; no peripheral and/or central auditory involvement of any sort; no neurological and/or cognitive alterations; no evidence of syndromic diseases.
Subjects for the study group were selected through a survey of charts when patients visited the rheumatology outpatient unit. these individuals were assessed on the same day in which they visited the rheumatology outpatient unit or at a near date of their choice. Subjects for the control group were selected from patients in the waiting room of the audiology outpatient unit.
PROCEDURES
after reading and signing the free informed consent form, subjects were interviewed for their clinical history and then underwent testing of aePs.
Subjects received orientation for testing of aePs as follows: avoid taking tea, coffee and chocolate in the preceding 24 hours; avoid intense physical or mental activity on the day before testing; avoid smoking and drinking alcoholic beverages preferably 24 hours before testing; avoid using hair gel and face creams before testing.
testing of aePs was done using the Bio-logic® systems corp. software with four channels, in an electrically protected and acoustically isolated ambience. Skin was cleansed with gauze and abrasive paste. Surface electrodes were then placed over electrolytic paste (for optimizing electrical conductivity) and fixed with microporous adhesive tape.
first, the long-latency aeP (P300) was measured, followed by the MlaeP and the BaeP. this sequence was chosen because the generation of P300 and MlaeP is influenced by alertness and attention to the sound stimulus, which BaePs may be generated in the waking state and during sleep.
electrode impedance values were set below 5 kohms (k). Patients were asked to lie down and remain as relaxed as possible. testing was done in a darkened room at a pleasant temperature. artifacts were controlled during aeP testing (≤ 10%) so as not to interfere on the stimulus and response recording.
for BaeP recording, electrodes were placed on the brow (fpz = ground electrode), on the cranial vertex (Cz = active electrode), ear lobules (a1 = left ear reference electrode; and a2 = right ear reference electrode), according to the 10-20 standard international position system. 19 Monaural clicks at 19.1 clicks per second and a 70dB intensity were used. test scanning was 2000 clicks with a 15.1 millisecond recording window. a 100hz low-pass filter and a 3000hz high-pass filter were used. Stimuli were issued through er3-a insert earphones and responses were recorded twice for reliability.
for MlaeP recording, electrodes were placed on the brow (fpz = ground electrode), on the temporal lobes (C3 = left temporal lobe active electrode and C4 = right temporal lobe active electrode), and ear lobes (a1 = left ear reference electrode and a2 = right ear reference electrode), according to the 10-20 standard international position system.19 Monaural clicks at 9.9 clicks per second and a 70dB intensity were used. test scanning was 1000 clicks with a 99.8 millisecond recording window. a 30hz to 100hz filter was used. Stimuli were issued through er3-a insert earphones and responses were recorded twice for reliability.
for P300 recording, surface electrodes were placed on the brow (fpz = ground electrode), on the cranial vertex (Cz = active electrode), ear lobules (a1 = left ear reference electrode; and a2 = right ear reference electrode), according to the 10-20 standard international position system. 19 instructions were then given about the evaluation. Patients were asked to mentally count only the rare sounds within a series of frequent sounds they would hear; rare sounds did not appear sequentially. Before recording, we trained the patients to make sure they had understood the test procedure.
Binaural stimulation was issued through er3-a insert earphones, using a 70dB intensity tone burst at 1000hz as the frequent stimulus (80% probability) and at 2000hz as the rare stimulus (20% probability). there were 1.1 stimuli per second, and a 1 to 100hz filter was used. there were 300 frequent stimuli and the recording window was 512 milliseconds.
Criteria for result analysis
the statistical analysis of aePs was both quantitative and qualitative. absolute latency values and interpeak intervals (BaeP), Pa wave and na-Pa amplitude latency values (MlaeP) and latency values and amplitude (P300) were used for the quantitative analysis. in the qualitative analysis, results were classified as normal or altered, and the types of alterations were described.
BaeP results were classified as normal or altered for each subject according to the wave i, iii and V absolute latency values and the interpeak intervals i-iii, iii-V and i-V for subjects over 24 months, as proposed by hood 20 (frame 1).
next, the types of alterations seen in each test were described. auditory pathway changes may be low brainstem alterations (when wave iii and V latency values and consequently interpeaks i-iii and i-V are increased), high brainstem alterations (when wave V latency values and a difference over 50% between Pa wave amplitudes obtained by comparing the ipsilateral and contralateral modes (C3/a1, C4/a2, C3/a2, C4/a1) two by two is used to indicate dysfunction. Dysfunction may be seen in the electrode effect, which is the difference obtained when comparing Pa wave amplitude measurements with the electrodes placed over each hemisphere (comparisons between C3/a1 and C4/a1; and between C3/a2 and C4/ a2). the ear effect occurs when one of the ears, regardless of the electrode site (comparison between C3/a1 and C3/a2; and between C4/a1 and C4/a2) shows constantly decreased Pa wave amplitudes. 21 thus, MlaePs were initially classified as normal or altered, after which the types of alterations were described: ear effect, electrode effect or both (when the same subject has both types of alterations).
latency values and P300 wave amplitude values were used in the P300 analysis; amplitude values were used only in the quantitative analysis.
the non-target stimulus waveforms were subtracted from the target stimulus waveforms to identify the P300. 21 next, latencies were marked on the highest peak -the point of maximum wave amplitude -and amplitudes were measured from the wavepeak to the baseline. 22 Values were within normal limits in the latency qualitative analysis for the age range we investigated (between 225 and 365 milliseconds for ages 17 to 30 years, and between 290 and 380 milliseconds for ages 30 to 50 years). 16 results were considered as altered when latency values were increased or when responses were absent. after P300 was classified as normal or altered, the types of alterations were described as: increased latency, absent responses or both (increased latency and absent responses occurring simultaneously in the same subject).
Statistical Analysis
the friedman, Wilcoxon, Mann-Whitney and equality of two Proportions non-parametric tests were used in this study. the confidence interval for the mean was also used in the descriptive analysis.
the result of each comparison has a p-value, which provides a conclusion about the test.
the confidence interval for the mean is used when verifying by how much the mean may vary within a certain confidence probability.
the significance level was 0.05 (5%) and the statistical confidence interval was 95%.
RESULTS
this part was divided into three to better explain the results.
Part 1: BAEP
Quantitative and qualitative BaeP results for the study and control groups are presented below. table 1 shows the quantitative analysis of BaeP results for both groups.
Quantitative Analysis

Qualitative Analysis
tables 2 and 3 show the qualitative analysis of BaeP results in the study and control groups.
Part 2: MLAEP
Quantitative and qualitative MlaeP results for the study and control groups are presented below.
Quantitative Analysis
tables 4 and 5 show the quantitative analysis of MlaeP results in the study and control groups. 
Part 3: Long-latency AEPs (P300)
in this last segment, quantitative and qualitative P300 results for the study and control groups are presented.
Quantitative Analysis
tables 8 and 9 show the quantitative analysis of P300 results in the study and control groups.
Qualitative Analysis
tables 10 and 11 show the qualitative analysis of P300 results in the study and control groups. 
DISCUSSION
We noted before analyzing the results that during our survey we found few papers on Sle patients, especially studies on aePs in Sle.
We studied central auditory function in Sle patients by means of the aePs.
in clinical audiology, the frequency of associating objective auditory assessment methods with subjective behavioral methods has increased, which has raised the diagnostic precision of central and/or cognitive auditory disorders. objective methods currently used by health professionals include the investigation of aePs to assess the neuroelectrical activity of auditory pathways from the auditory nerve to the cerebral cortex in response to an acoustic stimulus or event. absolute waves i, iii, V latencies and interpeak intervals i-iii, iii-V, i-V were initially compared among the study and control groups in the quantitative statistical analysis; there was only a statistically significant difference in the right ear wave iii (table 1) .
the mean BaeP results in this study for the study and control group is in accordance with the normalcy standards suggested by hood. 20 this author suggests the following values for individuals over 24 months: Wave i: 1.6ms (standard deviation ± 0.2ms), Wave iii: 3.7ms (standard deviation ± 0.2ms), Wave V: 5.6ms (standard deviation ± 0.2ms), interpeak i-iii: 2.0ms (standard deviation ± 0.4ms), interpeak iii-V: 1.8ms (standard deviation ± 0.4ms), interpeak i-V: 3.8ms (standard deviation ± 0.4ms).
results in the qualitative statistical analysis were initially classified as normal or altered when comparing the study and control groups (table 2), after which the types of alterations were classified (table 3). in comparing normal and altered results, both groups had the same number of normal results (93.3%) and altered results (6.7%); thus, there were no statistically significant differences between both groups. the only alteration that was seen in both groups was found in the low brainstem results.
these findings suggest that brainstem auditory pathways in Sle subjects function similarly to those of individuals in the control group. our findings are similar to those of Ávila, 23 who evaluated BaeP in 33 Sle patients and found no alterations.
Mongey et al. 24 undertook neurophysiologic studies of Sle subjects and found altered BaeP in six individuals.
Costallat et al. 25 also found altered BaeP in an Sle patient.
We also found altered BaeP in Sle subjects, but altered results in the study group were not statistically significant compared to the control group.
Part 2: Mid-latency AEPs
Quantitative and qualitative statistical analyses of MlaeP between both groups were undertaken. MlaeP na-Pa latencies and amplitudes in C3/a2, C4/a2, C3/a1 and C4/a1 modes were compared between the study and control groups (tables 4 and 5) for the quantitative statistical analysis. in the qualitative statistical analysis, results were initially classified as normal and altered when comparing both groups (table 6), after which the types of alterations were classified as the ear effect, the electrode effect, or both (table 7) .
the quantitative statistical analysis of MlaeP revealed no statistically significant differences in Pa wave latencies or in na-Pa amplitudes in C3/a2, C4/a2, C3/a1 and C4/a1 modes between the study and control groups (tables 4 and 5) .
latency values in our results are in accordance with Schochat's 14 normal standard values, which show that the Pa wave occurs about 30ms after the acoustic stimulus. there are no established normal amplitude values, given the wide intersubject variability; this type of analysis should be a comparative intrasubject observation between hemispheres. the amplitude value of one hemisphere, regardless of reference electrode placement, should not be higher than 50% of the opposite hemisphere. 7 Costa et al.26 studied the MlaeP of 77 children and found that the na wave latency occurred about 15.02ms to 29.23ms, and that the Pa wave latency occurred about 23.38 to 35.25ms. the na-Pa amplitude was between 0.4 and 2.58 µV. these authors concluded that there is ample intersubject variability in latencies and amplitudes.
in the qualitative statistical analysis, results were initially classified as normal and altered in the comparison between both groups (table 6), after which the types of alterations seen were classified (table 7) . in this comparison, we found that the percentage of normal results in the control group was 66.7% (and therefore, 33.3% of altered results). in the study group, the percentage of normal results was 50% (and 50% of altered results). the difference between both groups, however, is not statistically significant. in the control group, we found ear effect alterations in 50%, the electrode effect in 10% and both in 40% of the altered results. in the study group, we found ear effect alterations in 26.7% and both effect in 73.3% of the altered results.
We also found a high rate of altered MlaeP results in both the study and control groups. as a result of these findings, we believe that we should have undertaken a behavioral assessment of auditory processing in our sample subjects to discard auditory processing alterations that might explain such changes.
Bruner 27 studied auditory processing in Sle subjects by using behavioral tests and found that Sle subjects performed worse that controls, especially when there were neuropsychiatric conditions.
Part 3: Long-latency AEPs
this study included quantitative and qualitative statistical analyses of long-latency aePs (P300). in the quantitative statistical analysis, P300 latency values and amplitudes between both groups were compared (tables 8 and 9). in the qualitative statistical analysis, results were initially classified as normal and altered in the comparison between both groups (table 10), after which the types of alterations -increased latency, absent responses or both -were classified (table 11) .
there were no statistically significant differences in the quantitative statistical analysis of P300 latencies and amplitudes between the study and control groups (tables 8 and 9).
there were no statistically significant differences in the qualitative statistical analysis of normal and altered results between the study and control groups (table 10). in the control group, increased latency was responsible for 33.3% of altered results; 66,7% of the control group had absent responses. increased latency was seen in 20% of the study group; absent responses were present in 80% of the altered results in the study group (table 11) .
our findings are within the normal standards of this potential, as suggested by Musiek and Berge,28 (latency values around 250 to 500ms and amplitude ranging from 7 to 25µV. Colafemina et al. 29 assessed the auditory P300 in 20 healthy normal hearing young adults of both genders aged between 21 and 35 years and found similar results to our findings. Mean P300 latency and amplitude values were 310.92ms and 4.32µV.
our findings are different from those in ito et al. 's 30 paper. these authors evaluated long-latency aePs in 17 Sle patients and found that n100 and P200 latencies were within normal limits in all patients, while P300 latencies were significantly prolonged regardless of the presence or absence of cognitive dysfunction. avila 23 assessed P300 values in 33 Sle patients and found no changes in this potential.
the P300 has been widely used in medical practice, especially for assessing cognitive function, attention and memory. 15, [31] [32] Due to this, we believed that Sle subjects would have worse results compared to the control group, given that Sabbadini et al. 3 had found compromised short and long term memory processing, and decreased verbal and visual information processing in these subjects with or with no neuropsychiatric conditions. these authors also found that attention may be significantly compromised, especially in Sle patients with neuropsychiatric manifestations.
We did not know whether the subjects in the study group had neuropsychiatric involvement, since this information was not available in their charts. faced with our P300 results in the study group, we believe that these subjects had no neuropsychiatric conditions. CONCLUSION a critical analysis of the data obtained by testing short, mid and long latency aePs in leS individuals suggests that there is no difference between the BaeP, MlaeP and long latency aePs (P300) of the study and control group subjects.
